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! Application for patent filed February 17, 1994,
entitled "Method For Etching OF Silicon Carbide Sem conduct or
Usi ng Sel ective Etching of Different Conductivity Types,"
which is a continuation of Application 07/777,157, filed
Oct ober 16, 1991, now abandoned.
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This is a decision on appeal under 35 U S.C. 8§ 134 from
the final rejection of clainms 31, 33-46, 48, and 49.
W affirmin-part.

BACKGROUND

The disclosed invention is directed to a nmethod for
phot oel ectrochem cally etching silicon carbide (SiC), and
particularly, to an etching nethod using selective etching of
di fferent conductivity types of SiC

Claim31l is reproduced bel ow.

31. A nethod for fabricating a sem conductor by
sel ectively etching, said nethod conprising the steps of:

provi di ng a substrate;

formng a first sem conducting | ayer on said
substrate, said first sem conducting |ayer conprising
p-type silicon carbide, and requiring a first voltage for
charge transport at a surface of said |layer in a given
el ectol ytic etching solution;

form ng a second sem conductor |ayer on said first
| ayer, said second |ayer conprising n-type silicon
carbide, and requiring a second voltage for charge
transport at a surface of said second |ayer in said given
el ectrolytic etching solution which is |ower than said
first vol tage;

pl acing said substrate into said given electrolytic
et chi ng sol ution;

applying a bias voltage to said second sem conduct or
| ayer which is between said first and second vol t ages;
and
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creating charge holes in selected regions of said

surface of said second sem conductor |ayer to pronote

etching of said selected regions to formsaid

sem conduct or, whereby said etching automatically stops

when regions of said first sem conductor |ayer under said

sel ected regi ons becone exposed.

The exam ner relies on appellants' adm ssion that al pha
silicon carbide ("-SiC) and beta silicon carbide ($-SiC were
known (specification, page 5, lines 8-11) and that titanium

contacts on Si C were known (specification, page 14,

lines 20-25) and on the following prior art references:

Chang 3,078, 219 February 19,

1963
Kohl et al. (Kohl) 4, 369, 099 January 18,

1983
Forrest et al. (Forrest) 4,414, 066 Novenber 8,

1983
Ajika et al. (A ika) 5, 049, 975 Sept ember 17,

1991
Steitz et al. (Steitz) 5,182, 420 January 26,

1993
(filed April 9,

1990)

Clains 31, 33-35, 39-46, 48, and 49 stand rejected under
35 U.S.C. 8 103 as being unpatentabl e over Forrest, Kohl
Chang, and the admission that "-SiC and $-Si C were known.
Clainms 31, 33-46, 48, and 49 stand rejected under
35 U.S.C. § 103 as bei ng unpatentable over Forrest, Kohl

Chang, and the admission that "-SiC and $-Si C were known,
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further in view of the adm ssion that titaniumcontacts on SiC
were known and Steitz and Ajika as to the contacts recited in
clains 36-38. The rejection would have been clearer if it
were limted to clainms 36-38 over the additional prior art of
titaniumcontacts, Steitz, and A ika.

W refer to the Final Rejection (Paper No. 9) (pages
referred to as "FR__") and the Exam ner's Answer (Paper
No. 16) (pages referred to as "EA_ ") for a statenent of the
exam ner's position and to the Brief (Paper No. 15) (pages
referred to as "Br__") for a statenent of appellants' position
t her eagai nst.

OPI NI ON

G ouping of clains

Appel l ants set forth five groupings of clains (Br3):
(1) clains 31, 33, and 34 are said to stand or fall together;
(2) clainms 35-39 are said to stand or fall together;
(3) clains 40-44 and 46 are said to stand or fall together;
(4) claim45 us said to stand or fall alone; and (5) clains 48
and 49 are said to stand or fall together. Although
appel l ants state that clainms within each group stand or fal

toget her (which nmeans that the patentability of a group of
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claims will be determ ned on the basis of a single claim
selected fromthe group), appellants have proceeded to argue
the separate patentability of many of the clains wwthin a

group individually. W address the argued clains separately.

Level of ordinary skill in the art

We find the knowl edge and | evel of ordinary skill in the

art to be denonstrated by the references. See In re Qelrich,

579 F.2d 86, 91, 198 USPQ 210, 214 (CCPA 1978) ("the PTO
usual |y nmust evaluate both the scope and content of the prior
art and the |level of ordinary skill solely on the cold words

of the literature"); In re GPAC,_ lInc., 57 F.3d 1573, 1579,

35 USP2d 1116, 1121 (Fed. Cir. 1995) (the Board did not err

i n adopting the approach that the level of skill in the art
was best determ ned by the references of record). In
addition, those of ordinary skill in the art nust be presuned

to know sonet hi ng about the art apart from what the references

expressly disclose. 1n re Jacoby, 309 F.2d 513, 516,

135 USPQ 317, 319 (CCPA 1962).

Clains 31, 33, and 34




Appeal No. 96-4052
Application 08/198, 511

Forrest discloses a process for photoel ectrochem cally
et chi ng n-type conpound sem conductors. The only difference
argued between Forrest and the subject matter of claim31 is
claim3l's limtation that the sem conductor |ayers are
silicon carbide. Forrest states (col. 2, lines 40-46): "The
el ectrochem cal photoetching procedure applies to a certain
cl ass of sem conductors, nanely conpound sem conductors
including I1l1-V and I'1-VI conmpound sem conductors. Typica
sem conductors are CdS, CdSe, HgCdTe, GaP, (&aAs, Al As, AP
Al Sb, InSb, InAs, InP, GalnAs, GlnP, GlnAsP, GaA P and
GAl As." The listed "typical sem conductors” are all 1I11-V or
I1-VI conpound seni conduct ors.

Appel l ants argue (Br4): "Careful reading of the Forrest
et al. process, as described in columm 2, lines 40-45, shows
that the Forrest et al. process applies only to a certain

cl ass of sem conductors this class being I11-V and 11-VI

conpound sem conductors. . . . Applicant submts that while

SiCis arguably considered a conpound seni conductor, it is

certainly not a I11-V or I1-VI conmpound sem conductor."

The exam ner finds that Chang "teaches that Si C can al so

be el ectrochemcally etched" (FR2; EA3) and concl udes (FR2-3;
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EA3): "Forrest illustrates the wi de range of sem conductors
that can be used, but does not specifically nmention SiC,
however, with Chang's teachings, it would [have] be[en]
obvious to etch SiC (including any of the conventional crystal
fornms) in the manner of Forrest (and also to use a |ight mask,
as taught by Kohl.)" The exam ner admits that "Forrest does
not specifically list SIC' (EA4), but states that "Forrest
says 'conpound sem conductor' (of which SiCis one) and gives
exanpl es" (EA4-5).

We agree with the exam ner's position. |In Forrest's
statenent that "[t] he el ectrochem cal photoetching procedure
applies to a certain class of sem conductors, nanely conpound

sem conductors including I11-V and I1-VI conpound

sem conduct ors" (enphasis added) (col. 2, lines 40-43), the

underl i ned phrase indicates that the procedure is directed to
"conpound sem conductor” including, but not limted to, I1I-V
and 11-VI conpound sem conductors. For exanple, a statenent
"a class of persons, nanely engi neers including engineers
named Bob" neans that the group positively includes engi neers
naned Bob, but may include other engineers with other nanes.

Thus, we do not agree wth appellants' interpretation of



Appeal No. 96-4052
Application 08/198, 511

Forrest. One of ordinary skill in the art would have read
Forrest to indicate that the techni que applies generally to
conpound sem conductors (as opposed to el enental

sem conductors such as silicon or germanium, and that 111-V
and Il1-VI conpound sem conductors are expressly naned because
they constitute the nost inportant types of conpound

sem conductor for device manufacture. SiCis wthout doubt a

conmpound sem conductor. See Sze, Physics of Sem conduct or

Devices (2d ed., John Wley & Sons, 1981), pages 690, 696, 848
(Appendi x F), and 849 (Appendix G (copy attached). One of
ordinary skill in the art seeking to etch SiC (the problemto
be sol ved) woul d have been notivated to apply the selective
conductivity photoel ectrochem cal etching techni que descri bed
in Forrest because Forrest teaches that the process is
applicable to conpound sem conductors in general.

Appel I ants' argunents are directed to the |ack of express

teaching of SiCin Forrest. However, obviousness is

determ ned through the eyes of one of ordinary skill in the
art and takes into account what one of ordinary skill would
have known. One of ordinary skill would have known the SiCis
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a conpound sem conductor and, therefore, that Forrest
enconpasses phot oel ectrocheni cal etching of SiC.

It is true, as argued by appellants (Br5-6), that Chang

is directed to an electrolytic process, not a

phot oel ectrocheni cal process. Chang does not use light to

create charge holes in selected regions of the surface, as

cl ained. However, Chang is applied only to show that it was
known to etch SiC, which fact does not appear to be in
guestion. Chang appears superfluous to the rejection. |If
Forrest did not suggest applying the technique to all compound
sem conductors, then it would be difficult to find notivation
in Chang for using the process in Forrest.

Kohl is not needed for the rejection of claim31;
therefore, appellants' arguments regardi ng Kohl (Br5) are not
persuasi ve. Kohl is used for its teaching of a mask in a
phot oel ect rocheni cal etching process, but a nask is not
recited in claim3l. Cdaim31l recites "creating charge hol es
in selected regions of said surface,” but does not recite
using a mask to provide selected regions. Forrest discloses

using "lenses to collinmate the |ight and concentrate the |ight
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on the area of the surface where it is required" (col. 7,
lines 22-24), which neets claim31.

The rejection of claim31 is sustained. Appellants have
not argued the separate patentability of clainms 33 and 34.

Thus, the rejection of clainms 33 and 34 is al so sustai ned.

Clains 35-39

This group of clainms is directed to the contact. Forrest
di scl oses "applying a potential to the conpound sem conductor"”
(col. 1, lines 51-52), but does not descri be an ohm c contact
on the top layer or that the contact is renoved after etching.

The exam ner states that "[o] bviously a contact is needed
for electrochem cal etching, and renoving it afterward is at
| east obvious" (FR2; EA3). Appellants argue that Forrest does
not di sclose form ng contacts on the conpound sem conduct or
and "[h]ence, we do not know if the contacts used in the
Forrest et al. process are ohmc contacts (Applicant's claim
35), . . . or whether the contacts are renoved after the
etching process (Applicant's claim39)" (Br7).

W agree with the examner. A contact is required to
attach the electrical wire to the sem conductor. Kohl, which

is a photoel ectrocheni cal etching process for p-type
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Appeal No. 96-4052
Application 08/198, 511

sem conduct or conpounds, discloses that the electrical contact
may be the mask (col. 5, lines 59-60) or "ohm c contacts
formed by the el ectrodeposition of gold" (col. 6,

lines 17-18). Since the contact is required only for etching,
one of ordinary skill in the art would have known to renove it
after etching. For these reasons, we sustain the rejection of
clainms 35 and 39.

Claim 36 requires a contact made of |ayers of titanium
(Ti), titaniumnitride (TiN), and platinum (Pt). C aim 38
recites an additional |ayer of gold (Au). The exam ner states
that "it is also admtted (and obvious to use) that SiCis
frequently contacted with Titanium and Steitz teaches
covering a titaniumcontact with layers of TiN, Pt, and Au,
whi ch woul d [ have] be[en] obvious in etching SiC'" (FR3; EA3).
The specification states that "Ti or TiC, as an ohm c contact
to n-type $ Si C, has been extensively discussed in the
literature . . ." (specification, page 14, lines 20-22), which
is taken as an admi ssion that the teaching is in the prior
art. Appellants state that only Ti or TiC was adm tted,
whereas the clainms call for a conpound | ayer of Ti/Ti NPt

(claim36) or Ti/TiNPt/Au (claim38) and that Steitz does not

- 11 -
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show contact between Ti and SIC. On this point we agree with
appel l ants. The exam ner has not shown the claimed contact
structure on SiC. Nor has the exam ner expl ai ned why one of
ordinary skill in the art would have been notivated to use the
contact structure of Steitz. Appellants use the contact
structure to provide stability to the contact (e.g.,
specification, page 13, lines 31-34), whereas Steitz discloses
that the plurality of netals enhances bonding (col. 3,

lines 41-46). Thus, we see no notivation to conbine the
teachings of Steitz with Forrest. The rejection of clains 36
and 38 is reversed. Since claim 37 depends on claim 36, the

rejection of claim37 is also reversed.

Clains 40-44 and 46

This group of clainms is directed to masking. The
exam ner states that "Kohl et al uses a nmask for the light in
phot o- el ectrochem cal etching” (FR2; EA3) and concl udes t hat
it would have been obvious "to use a |ight mask, as taught by
Kohl " (FR3; EA3).

Appel l ants argue that Kohl is directed to Ill-V and I1-VI
sem conductors and that "[t]he Forrest et al. patent fails to
di scl ose a maski ng process for use with a Si C sem conducti ng

- 12 -
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material” (Brl0). Appellants argue that Kohl involves
phot oel ect rochemni cal etching of p-type sem conductor
conmpounds, whereas claim31 recites an n-type material (Brb5).
Kohl di scl oses a photoel ectrochem cal etching process
where "[a] nmask 27 may be used on the surface of the
sem conductor to define the area illum nated by radiation”
(col. 5, lines 54-56). Kohl discloses that "[t] he mask netal
may be used as the electrical contact to the sem conductor”
(col. 5, lines 59-60). The mask in Kohl woul d have suggested
the use of such a mask in Forrest since both are
phot oel ectrochem cal etching processes. The difference in
conductivity types of the material being etched, p-type in
Kohl versus n-type in Forrest, does not negate the teachi ng of
using a mask on the material. It is also considered
notoriously well known in the sem conductor manufacturing art
to used nask | ayers to selectively control the area exposed.
The rejection of clainms 40 and 41 i s sustained.
Utraviolet (UV) light is recited in clainms 42 and 46.
These clains are not argued by appellants and we wi || not
address issues not argued in the brief. See 37 CFR

8§ 1.192(c)(8)(iv) (errors must be addressed in brief). Cf.
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In re Baxter Travenol Labs., 952 F.2d 388, 391,

21 USPd 1281, 1285 (Fed. Cir. 1991) ("It is not the function
of this court to examne the clains in greater detail than
argued by an appellant, | ooking for nonobvi ous distinctions

over the prior art."); In re Wechert, 370 F.2d 927, 936,

152 USPQ 247, 254 (CCPA 1967) ("This court has uniformy

foll owed the sound rule that an issue raised bel ow which is
not argued in this court, even if it has been properly brought
here by a reason of appeal, is regarded as abandoned and w ||
not be considered. It is our function as a court to decide

di sputed issues, not to create them"). The rejection of
clainms 42 and 46 is sustained.

Appel  ants argue that "[t] he masking material, as taught
by Kohl et al. (columm 5, lines 56-59), conprises noble
nmetal s, and hence does not include silicon nitride (which is
not a metal) and chrom um (which is not a noble netal) as are
recited in Applicant's claim43" (Brl10). Applicant argues

that "it would not have been obvious to 1) use materials that

were not even suggested by Kohl et al. (silicon nitride and
chrom un) as maski ng agents" (Br10-11). This argunent is not

persuasive. Claim43 recites that "said masking material is
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sel ected froma group consisting of silicon nitride, chrom um
and platinum"™ Since Kohl discloses platinumas a nask
material (col. 5, lines 57-59), it neets claim43. Kohl need
not teach every nenber of the group. The rejection of
claim43 is sustained.

Appel l ants argue that "claim44 of Applicant's invention
Is directed towards a process that does not require a masking
material to be deposited on the substrate” (Brl10) and the use
of a mask whi ch does not contact the substrate is not
suggested by Forrest as nodified by Kohl. The exam ner offers
no response. However, we note that claim44 does not exclude
a mask deposited on the substrate; "imaging" still occurs even
t hough the mask is on the substrate. The rejection of

claim44 is sustained.

G aim45

Appel  ants argue that claim45 requires maski ng by
focusing a mcroscopic |aser beamand that "[t] he Exam ner
fails to propose how Forrest et al. can be nodified to arrive
at the presently recited invention of claim45" (Brll). The
exam ner offers no response. Neverthel ess, Forrest discloses

that "[a] tungsten light bulb is used and |l enses to collimte
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the light and concentrate the light on the area of the surface
where it is required" (col. 7, lines 22-24), which teaches
maski ng by focusing of the |light source. Kohl teaches that
“"[t]he Iight source may have a broad energy spectrum such as
an i ncandescent bulb, a limted energy spectrum such as a
mercury lanp or a narrow spectrum such as a | aser source"

(col. 5, lines 47-50). It would have been obvious to one
having ordinary skill from Kohl to use a | aser beam i nstead of
the light bulb in Forrest. The rejection of claim45 is

sust ai ned.

Clains 48 and 49

Appel  ants argue that Forrest fails to disclose formng
and renoving an oxidi zed | ayer over the n-type SiC | ayer as
recited in clains 48 and 49 and "[t] he Exam ner fails to
propose how Forrest et al. can be nodified to arrive at the
presently recited invention of clainms 48 and 49" (Brl12). The
exam ner offers no response and we do not find the [imtation
in the references. It is the examner's duty to establish a

prima facie case of obviousness. The rejection of clains 48

and 49 is reversed.
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CONCLUSI ON

The rejections of clainms 31, 33-35, and 39-46 are
sust ai ned.

The rejections of clainms 36-38, 48, and 49 are reversed.

No time period for taking any subsequent action in
connection with this appeal may be extended under 37 CFR
§ 1.136(a).
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